Fluvastatin enhances apoptosis in cytokine-stimulated vascular smooth muscle cells.
Hydroxymethylglutaryl coenzyme A reductase inhibitors (statins) have been shown to attenuate proliferation of vascular smooth muscle cells (VSMCs) by mechanisms independent of lipid reduction. In the current study, we investigated the effect of lipophilic and hydrophilic statins (fluvastatin and pravastatin) on apoptosis in unstimulated or cytokine-stimulated VSMCs. The presence of apoptosis in rat VSMCs was evaluated by electrophoresis of DNA fragments and 4'6'-diamidine-2'-phenylindole staining and quantified by flow cytometry. Fluvastatin but not pravastatin enhanced apoptosis in interleukin-1beta-stimulated VSMCs. The proapoptotic effect of fluvastatin was fully reversed by mevalonate and geranylgeranyl-pyrophosphate, and partially by farnesyl-pyrophosphate, but not by squalene. Inhibition of the extracellular signal-regulated protein kinase (ERK1/2) pathway significantly increased fluvastatin-enhanced apoptosis, whereas inhibition of the p38-mitogen-activated protein kinase (MAPK) pathway significantly prevented this increase. However, fluvastatin showed no effect on the activity of ERK1/2 and p38-MAPK. Furthermore, fluvastatin-induced apoptosis was inhibited by YVAD-FMK (a caspase-1/interleukin-1beta-converting enzyme-like protease inhibitor) and DEVD-FMK (a caspase-3/CPP32 inhibitor), indicating involvement of an important segment in the apoptosis signaling pathway. These findings suggest that fluvastatin enhances apoptosis in cytokine-stimulated VSMCs and that protein prenylation, MAPK (ERK1/2 and p38-MAPK), and caspases are critically involved in the pathways of fluvastatin-enhanced apoptosis.